INTRODUCTION
Although the constant frequency torque controller has Direct torque control (DTC) of induction motor drives managed to solve the problems, the DC-link voltage of the becomes popular and widely used in industrial applications inverter used in DTC motor drives is not efficiently utilized. due to a fast and good dynamic torque response as well as For high speed applications, especially in traction or electric provides a simple control structure. Since it was introduced in vehicle implementation, a full utilization of the DC-link the middle of 1980's [1] ,[2] many researchers have been voltage is extremely important. Therefore, the operation in working in this area and several modifications and the overmodulation and field weakening (transition to siximprovements have been made in order to overcome the two step) regions is required. The common approach that is used major disadvantages of the hysteresis-based of DTC scheme, to achieve overmodulation and field weakening condition is namely the high torque ripple and variable switching based on the space vector modulation (SVM) technique step waveform in field weakening modes The operations of conversion. In most of the applications, the voltage supplied DTC in overmodulation and field weakening will be to the controlled object is corresponds to the limit of dc discussed in the next section.
bus voltage of the inverter. The maximumpossible output voltage of the inverter can be produced when it is operated in line in Fig. 5 . In the proposed approach, each of six sectors six-step mode. At this particular moment, there is no pulse are further sub-divide into two equal smaller regions, shown dropping on the voltage waveform. Thus, in order to fully in Fig. 5 named as subsector 1 and subsector 2 for Sector I. utilize the dc-link voltage, the appropriate control algorithm
The operation of the proposed method can be divided into under overmodulation and goes to field weakening regions of two parts as follows. drive system is required.
However, the DTC scheme that has been described in A. Dynamic overmodulation [2]-[4] does not consider the operations in overmodulation and field weakening modes. Thus, to achieve these In order to obtain a fast dynamic torque response only conditions, the inverter output voltage needs to constitute a one voltage vector is selected during torque transient. This cyclic and symmetric sequence of six active voltage vectors.
means that instead of regulating the flux by selecting two This in turn will cause the stator flux to move along a active vectors alternately, the flux path will follow the hexagonal path as depicted in Fig. 4. hexagonal shape. For this purpose, the flux selection is made such in subsector 1, a voltage vector to increase the flux is V4 (010) V3 (110) selected continuously. On the other hand in subsector 2, a voltage vector to reduce the flux is selected continuously. By ,' \ / '\ doing so, the flux will follow the hexagonal shape as , ' \ / '\ indicated by dashed arrow line in Fig. 5 . The selected voltage , \ / \\ vectors produce the largest stator flux tangential components V5 (011) V2 (100) hence will ensure a fast torque response. / \ , B. Field weakening and the transition from PWM to six step.
In order to control the transition from PWM to six-step v6 (001) V1 (1 01) waveform, the locus of the stator flux is control such that it will gradually change from circular to hexagonal shapes and The simulation of the DTC induction motor drive with operation is in fully six-step mode when the flux locus the proposed overmodulation and field weakening strategies follows the hexagonal shape as indicated by the dashed arrow was performed using MATLAB/SIMULINK simulation package. The parameters of induction machine as tabulated in Table II were used in the simulation. (six-step) and the stator flux weakening during transition region are demonstrated in Fig. 8 and Fig. 9 respectively.
The transition of the voltage from PWM to six-step operation is shown in Fig. 10 and clearly indicates the gradual pulse dropping in the voltage waveform during the transition. 
